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Method of detecting the disconnection of a transmission line.

A full duplex, two wire modem, transmitting a
high speed main channel and a low speed
subsidiary channel, is provided with a system
(6) for detecting the disconnection of the trans-
mission line. In the case of disconnection, the
output is switched from a private line to a public
line. Disconnection is detected by monitoring
the number of transitions in the subsidiary
channel : if the line is disconnected, the echo
canceller will not be able to track the rapid
change in conditions, and the number of transi-
tions in the subsidiary channel will rise.
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The present invention is directed to a two-wire
full-duplex modern which time-divides data into main
channel data and secondary channel data by using a
two-wire line in sending and receiving data.

In the market for modem. for private lines, to meet
a demand for reduction in line costs, two-wire full-
duplex modems are gradually replacing four-wire full-
duplex modems.

If a modem is the two-wire type, the charge for
four wires is not applied, and therefore, a reduction in
the line charge of about 5,000 yen per month is pos-
sible.

As to such two-wire full-duplex modems, in order
to deal with a fault on the line, the demand for auto-
matic backup increasing, and so is the demand for
network supervision.

Description of the Related Art

In two-wire full-duplex 9,600 bps modems, for ex-
ample, a time division circuit time-divides 12,000 bps
data which are in conformity with the CCITT recom-
mendation V. 32 bis into main channel data of 9,600
bps and secondary channel of 2,400 bps. The data
are then scrambled and modulated by a transmitting
means, and sent to a private line through a 2W-4W
conversion circuit.

On the other hand, since a receive signal from
the 2W-4W conversion circuit includes an echo com-
ponent of a send signal, in full-duplex communication,
an echo estimate part predicts the echo component
of the transmitted signal. The echo component is sub-
tracted by an adder part from the receive signal which
is produced by the 2W-4W conversion circuit. Then,
the signal is demodulated and descrambled by a re-
ceiving part, and divided into a 9,600 bps main chan-
nel and 2,400 bps secondary channel before being
sent out to the terminal side.

In this manner, two-wire full-duplex communica-
tion is achieved.

By the way, the function of the secondary chan-
nel is to transmit a supervisory signal and a control
signal to the network. These are low-speed signals of
around 75 bps. Hence, the speed of these slow sig-
nals must be increased to the assigned speed of
2,400 bps. To this end, a received 75 bps signal is
sampled by multipoint sampling, and thereby a 2,400
bps output signal is obtained.

When there is a trouble on the line, modems of
this construction switch to a public line (i.e., a backup
line).

However, modems of conventional construction
have the following drawbacks:

(1) Even when a private line is disconnected, in a

two-wire full-duplex modem, since the 2W-4W

conversion circuit is connected to the line, the im-

pedance of the line changes and becomes high.

Hence, due to a change in the impedance, the
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echo component of the send signal changes and
therefore remains even after subtraction of the
echo component by the echo estimate part. The
echo component will therefore appear as a re-
ceive signal and will be detected as a carrier by
the receive part. As a result, an automatic equal-
izer operates, thereby performing normal receiv-
ing operation. Thus, the disconnection of the line
cannot be detected, which makes it difficult to
switch to the backup system.
(2) Similarly, since the quality of communication
of the secondary channel is the same as the
quality of communication of the main channel,
when the line deteriorates, supervisory control by
means of the secondary channel will be obstruct-
ed. This makes it difficult to switch to the backup
system.

Hence, an object of the present invention is to of-
fer a two-wire full-duplex modem which is capable of
stably switching to the backup line to deal with dete-
rioration of and a trouble on the line.

Afurther object of the present invention is to offer
a two-wire full-duplex modern which is capable of de-
tecting a disconnection of a line and switching to the
backup line.

Still another object of the present invention is to
offer a two-wire full-duplex modem in which the com-
munication quality in a secondary channel is better
than that of a main channel and hence supervisory
control by means of the secondary channel is possi-
ble even if there is some deterioration of the line qual-
ity.

According to the present invention, there is pro-
vided a two-wire full-duplex modem in which data
which are time-divided into a main channel and a sec-
ondary channel are scrambled, modulated, and
thereafter sent by a 2W-4W conversion circuit to the
two-wire line, following which an estimated echo com-
ponent which is calculated from the scramble data is
subtracted from a signal from the 2W-4W conversion
circuit and the signal from the 2W-4W conversion cir-
cuit is demodulated, descrambled and separated into
main data and secondary data, the two-wire full-
duplex modem having a generator polynomial for the
scrambling and a generator polynomial for the de-
scrambling which are different from each other, which
comprises:

a line-trouble-detect part for sampling data on
the secondary channel by multipoint sampling to ob-
tain the secondary data and detecting the number of
inversion points in the scrambled secondary channel
data per unit time, the line-trouble-detect part output-
ting a line-trouble signal which indicated that there is
trouble on the line if the detected conversion points
are more than a predetermined number.

In the two-wire full-duplex modem described
above, the line side of the 2W-4W conversion circuit
is switched to a backup line in accordance with the



3 EP 0 584 918 A1 4

line-trouble signal which is outputted by said line-
trouble-detect part.

Further, according to the present invention, there
is provided a two-wire full-duplex modem in which
data which are time-divided into main channel and a
secondary channel are scrambled, modulated, and
thereafter sent by a 2W-4W conversion circuit to the
two-wire line, following which an estimated echo com-
ponent which is calculated from the scramble data is
subtracted from a signal from the 2W-4W conversion
circuit and the signal from the 2W-4W conversion cir-
cuit is demodulated, descrambled and separated into
main data and secondary data, the two-wire full-
duplex modem having a generator polynomial for the
scrambling and a generator polynomial for the de-
scrambling which are different from each other, which
comprises:

a majority circuit, to be defined hereinafter for
outputting a majority signal between the predeter-
mined number of bits of said descrambled secondary
channel data.

The two-wire full-duplex modem described above
includes a majority circuit for outputting a majority sig-
nal between the predetermined number of bits of said
descrambled secondary channel data.

The present invention will be more clearly under-
stood from the description as set forth below with ref-
erence to the accompanying drawings.

Fig. 1(A) - 1(C) are explanatory diagrams for ex-
plaining related art.

Fig. 2(A) and 2(B) show the principles of the pres-
ent invention.

Fig. 3 shows the overall structure of a modem ac-
cording to a preferred embodiment of the present in-
vention.

Fig. 4 is a block diagram showing a line diecon-
nection detect circuit according to the preferred em-
bodiment of the present invention.

Fig. 5 is an explanatory diagram for explaining
line disconnection detection according to the prefer-
red embodiment of the present invention.

Fig. 6(A) - 6(D) are explanatory diagrams for ex-
plaining the operation of the line disconnection detect
circuit shown in Fig. 4.

Fig. 7(A) and 7(B) are block diagrams showing a
majority circuit according to the preferred embodi-
ment of the present invention.

Fig. 8 is an explanatory diagram for explaining
majority decision operation according to the prefer-
red embodiment of the present invention.

Before describing the preferred embodiments ac-
cording to the present invention, examples of the re-
lated art are provided with reference to Fig. 1(A) -
1(C).

Fig. 1(A) - 1(C) are explanatory diagrams for ex-
plaining related art.

In two-wire full-duplex 9,600 bps modems 1 and
2, for example, such as those shown in Fig. 1(A), a
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time division circuit 11 time-divides 12,000 bps data
which are in conformity with the CCITT recommenda-
tion V. 32 bis into main channel data of 9,600 bps div-
ided into four channels A, B, C and D and secondary
channel data of 2,400 bps for one secondary channel
E as shown in Fig. 1(B). The data are then scrambled
and modulated by a send part 20, and sent to a private
line through a 2W-4W conversion circuit 14.

On the other hand, since a receive signal from
the 2W-4W conversion circuit 14 includes an echo
component of a send signal, in full-duplex communi-
cation, an echo estimate part 35 predicts the echo
component of the send signal. The echo component
is subtracted by an adder part 40 from the receive sig-
nal which is received from the 2W-4W conversion cir-
cuit 14. Then, the signal is demodulated and de-
scrambled by receive part 21, and divided into main
channel data of 9,600 bps and secondary channel of
2,400 bps data before sent out to the terminal side.

In this manner, two-wire full-duplex communica-
tion is achieved.

By the way, the function of the secondary chan-
nel is to transmit a supervising signal and a control
signal for the network which are low speed signals of
around 75 bps. Hence, the speed of these slow sig-
nals must be increased to the set speed of 2,400 bps.
To this end, as shown in Fig. 1(C), a 75 bps signal that
is received is sampled by multipoint sampling so that
a 2,400 bps output signal is obtained.

When there is a trouble on the line, modems of
such a construction switch to a public line (i.e., back-
up line).

However, such modems of the conventional con-
struction have the following drawbacks.

Even when a private line is disconnected, in a
two-wire full-duplex modem, since the 2W-4W con-
version circuit 14 is connected to the line, an impe-
dance on the line changes and becomes high. Hence,
due to change in the impedance, the echo component
of the send signal changes and is therefore not re-
moved even after subtraction of the estimated echo
component produced by the echo estimate part 35.
The echo component will therefore appear as a re-
ceive signal and will be detected as a carrier by the
receive part 21. As a result, an automatic equalizer
operates thereby performing normal receiving oper-
ation. Thus, the disconnection of the line cannot be
detected, which makes it difficult to switch to the
backup line.

Similarly, since the quality of communication of
the secondary channel is the same as the quality of
communication of the main channel, when the line de-
teriorates, supervisory control by means of the sec-
ondary channel will be obstructed. This makes it dif-
ficult to switch to the backup line.

Fig. 2(A) and 2(B) are views showing the princi-
ples of the present invention.

In a two-wire full-duplex modem according to a
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first example of the present invention, data which are
time-divided into a main channel and a secondary
channel are scrambled, modulated, and thereafter
sent by a 2W-4W conversion circuit 14 to the two-wire
line, following which an estimated echo component
which is calculated from the scramble data is sub-
tracted from a signal from the 2W-4W conversion cir-
cuit 14 and the signal from the 2W-4W conversion cir-
cuit 14 is demodulated, descrambled and separated
into main data and secondary data, the two-wire full-
duplex modem having a generator polynomial for the
scrambling and a generator polynomial for the de-
scrambling which are different from each other. The
two-wire full-duplex modem is characterized in that a
line-trouble-detect part 6 is disposed which samples
data of the secondary channel by multipoint sampling
to obtain the secondary data and detects the number
of conversion points in the descrambled secondary
channel data per unit time period, and in that the line-
trouble-detect part 6 outputs a line-trouble signal
which indicates that there is a trouble on the line if the
detected inversion points are more than a predeter-
mined number.

According to a second example of the present in-
vention, the two-wire full-duplex modem of the first
example requires that the line side of the 2W-4W con-
version circuit 14 is switched to a backup line in ac-
cordance with the line-trouble signal which is output-
ted by said line-trouble detect part 6.

In a two-wire full-duplex modem according to a
third example of the present invention, data which are
time-divided into a main channel and a secondary
channel are scrambled, modulated, and thereafter
sent by a 2W-4W conversion circuit 14 to the two-wire
line, following which an estimated echo component
which is calculated from the scramble data is sub-
tracted from a signal from the 2W-4W conversion cir-
cuit 14 and the signal from the 2W-4W conversion cir-
cuit 14 is demodulated, descrambled and separated
into main data and secondary data, the two-wire full-
duplex modem having a generator polynomial for the
scrambling and a generator polynomial for the de-
scrambling which are different from each other. The
two-wire full-duplex modem is characterized by com-
prising a majority circuit 7 for outputting a majority sig-
nal between the predetermined number of bits of said
descrambled secondary channel data.

According to a fourth example of the present in-
vention, the two-wire full-duplex modem of the first
aspect or the second aspect is characterized by com-
prising a majority circuit 7 for outputting a majority sig-
nal between the predetermined number of bits of said
descrambled secondary channel data.

According to the first example of the present in-
vention, the number of inversion points of 75 bps data
is maximum 75 in the secondary channel, if the echo
component of the send side is removed. If the echo
component of the send side is not removed due to a
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disconnection of the line, descramble received data
of the secondary channel becomes random data,
whereby the number of data inversion points increas-
es to a maximum of 2,400, since generator polyno-
mials for scrambling of the call side and the answer
side are different from each other.

Hence, by calculating the number of the inversion
points in the descramble data per unit time period, a
disconnection of the line can be detected and the
switching to a backup line operation will be invoked
without fail.

According to the third and fourth aspects of the
present invention, the descramble data in the sec-
ondary channel may be at the speed of 2,400 bps and
the secondary data may be at the speed of 75 bps,
both lower speeds than that of the main data. By util-
izing this, the quality of communication of the sec-
ondary channel is improved.

Hence, by using the majority circuit 7 to correct
an error due to deterioration of the line to a certain ex-
tent, the quality of communication of the secondary
channel is improved, which in turn makes supervisory
control and hence smooth backup switching or the
like possible.

(a) Explanation of Two-Way Full-Duplex Modem

Fig. 3 is a construction view showing the overall
structure of a two-way full-duplex modem according
to a preferred embodiment of the present invention.

In the drawing, indicated at numerical reference
10, is a driver/receiver for driving a send signal SD
from the A-port. The driver/receiver 10 also receives
a 9,600 bps receive signal and outputs the same as
a receive signal RD which is sent to the A-port. Indi-
cated at numerical reference 11 is a time division cir-
cuit for time division multiplexing of the main data, at
9,600 bps, from the driver/receiver 10 and secondary
data, at 2,400 bps, from a supervisory part 5, which
will be described later, to obtain data at 12,000 bps
and for separating receive data from the descrambler
48 into main data of 9,600 bps and secondary data of
2,400 bps.

Indicated at numerical reference 30 is a scram-
bler for scrambling data in accordance with generator
polynomials shown in Fig. 5 so that the data becomes
random data. Indicated at numerical reference 31 is
a coding part for coding the scramble data. Indicated
at numerical reference 32 is a roll-off filter for cutting
out undesired frequency band components.

Indicated at numerical reference 33 is a modula-
tion part for modulating an output of the roll-off filter
32 with a modulation wave. Indicated at numerical ref-
erence 34 is an attenuator for performing level adjust-
ment. Indicated at numerical reference 35 is an echo
estimate part for computing an estimated echo com-
ponent from a send output from the coding part 31.

Indicated at numerical reference 12 is a D/A (Dig-
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ital/Analog) convector for converting a digital output
of the attenuator 34 into an analog signal. Indicated
at numerical reference 13 is a low-pass filter for cut-
ting undesired high-frequency components. Indicated
at numerical reference 14 is a 2W-4W conversion cir-
cuit which is connected to a two-wire line in order to
perform 2W-4W conversion. indicated at numerical
reference 15 is a switch for switching a private line and
a public line in response to line switch signal CS from
the supervisory part 5.

Indicated at numerical reference 16 is a low pass
filter for cutting an undesired high-frequency compo-
nent of the receive signal which is received from the
2W-4W conversion circuit 14. Indicated at numerical
reference 17 is an A/D (Analog/Digital) convertor for
converting an analog signal from the low passfilter 16
into a digital signal.

An adder part, indicated at 40, subtracts the es-
timated echo component which is found by the echo
estimate part 35 in the receive signal which is output-
ted by the A/D convertor 17. Indicated at numerical
reference 41 is a demodulation part for demodulating
the output of the adder part 40 using a demodulation
signal. Indicated at numerical reference 42 is a roll-off
filter for cutting undesired frequency band compo-
nent.

An AGC (Automatic Gain Control) part for auto-
matically adjusting the level of an output of the roll-off
filter 42 is indicated at numerical reference 43. An au-
tomatic equalizer part for equalizing the output of the
AGC part 43 is indicated at numerical reference 44.
A carrier-automatic-phase-compensation part is indi-
cated at numerical reference 45 which automatically
compensates for the phase of a carrier. A decision
part 46 for deciding the output of the carrier-automat-
ic-phase-compensation part 45 is indicated at numer-
ical reference 46.

Indicated at numerical reference 47 is a decoding
part for decoding a signal output from the decision
part 46. Indicated at numerical reference 48 is a de-
scrambler which descrambles data in accordance
with the generator polynomials shown in Fig. 4 and
outputs the data to the time-division circuit 11. Indicat-
ed at numerical reference 49 is a carrier-detect part
for detecting carrier at an output of the adder part 40
and for generating a carrier-detect signal.

Indicated at numerical reference 5 is a superviso-
ry part which provides a sampling signal so as to sam-
ple a secondary signal of 75 bps by multipoint sam-
pling and output 2,400 bps secondary data and send
the secondary data to the time division circuit 11. The
supervisory part 5 also converts 2,400 bps second-
ary data received from the time division circuit 11 into
a secondary signal of 75 bps. The supervisory part 5
performs supervisory control.

A line-disconnection-detect-circuit, indicated at
numerical reference 6, detects a line disconnection
based on inversion points of secondary data from the
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time-division circuit 11. The line-disconnection-
detect-circuit 6 will be described with reference to
Figs. 4 and 5. Indicated at numerical reference 66 is
an OR circuit for finding the logical OR of a carrier dis-
connection detect signal which is outputted by the
carrier detect part 49 and a line disconnection detect
signal which is outputted by the line disconnection de-
tect circuit 6 and for outputting the result to the super-
visory part 5.

Indicated at numerical reference 7 is a majority
circuit which determines a majority signal between
the predetermined number of bits of secondary data,
corrects any error in the data and outputs the data to
the supervisory part 5. The majority circuit will be de-
scribed with reference to Figs. 7(A) and 7(B) and 8.

A microprocessor is indicated at numerical refer-
ence 3. The scrambler 30, the coding part 31, the de-
coding part 47 and the descrambler 48 operate under
control of the microprocessor 3. A digital signal proc-
essor is indicated at numerical reference 4. The roll-
off filter 32, the modulation part 33, the attenuator 34,
the echo-estimate part 35, the adder part 40, the de-
modulation part 41, the roll-off filter 42, the AGC part
43, the automatic-equalizer part 44, the carrier-auto-
matic-phase-compensation part 45, the decision part
46 and the carrier-detect part 49 operate under proc-
essor control of the digital signal processor 4.

Operations of this construction will be now de-
scribed. The main send signal SD from the A-port is
sent by the driver/receiver 10 to the time division cir-
cuit 11 as 9,600 bps main data. As shown in Fig. 1(C),
a secondary signal of 75 bps available from the con-
trol part 5 is converted into 2,400 bps secondary data
which is then supplied to the time division circuit 11.

The time division circuit 11, as shown in Fig. 1(B),
time division multiplexes the 9,600 bps main data and
the 2,400 bps secondary data and outputs the same
as 12,000 bps send data.

The data are then descrambled by the scrambler
30 and coded by the coding part 31. The data are
thereafter supplied to the roll-off filter 32 where the
data bandwidth is limited, followed by modulation in
the modulation part 33. Next, the level of the data is
adjusted by the attenuator 34 and the data are con-
verted into an analog signal by the D/A convertor 12.
The high-frequency components of the analog signal
are cut by the low pass filter 13. Then, the analog sig-
nal is transmitted on the two-wire line via the 2W-4W
conversion circuit 14.

On the other hand, a signal from the 2W-4W con-
version circuit 14 is passed to the low pass filter 16
where its high-frequency component is removed. The
signal is then converted into a digital signal by the A/D
convertor 17 and supplied to the adder part40 so that
an estimated echo component found by the echo es-
timate part 35 is subtracted from the converted digital
signal. As a result, a pure receive signal is derived.

This receive signal is demodulated at the demod-
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ulation part 41. Following this, the signal bandwidth
is controlled by the roll-off filter 42, the level of the
signal is adjusted by the AGC part 43, and the signal
is equalized by the automatic equalizer part 44. The
phase component of a carrier of the signal is then ad-
justed by the carrier-automatic-phase-compensation
part 45. Thereafter, the signal is decided by the de-
cision part 46, decoded by the decoding part 47, de-
scrambled by the descrambler 48, and finally sup-
plied to the time-division circuit 11.

The time-division circuit 11 divides the 12.000
bps time-division-multiplex signal shown in Fig. 1(B)
into 9,600 bps main data and 2,400 bps secondary
data. The main data are outputted to the driver/receiv-
er 10. The data are then outputted atthe A-portas the
receive data RD.

On the other hand, the secondary data are fed to
the majority circuit 7 where a majority of the data is
determined and corrected for errors. The data are
then sent to the supervisory part 5 and the line-
disconnection-detect part 6 which calculates the
number of inversion points to detect a line disconnec-
tion. In response to the line-trouble-detect signal, the
supervisory part 5 creates the switch signal CS which
makes the switch 15 switch from the private line to the
public line.

(b) Explanation of Circuit-Disconnection-Detect Part

Fig. 4 is a block diagram showing the line-
disconnection-detect circuit according to the prefer-
red embodiment of the present invention. Fig. 5 is an
explanatory  diagram  for  explaining line-
disconnection-detection according to the preferred
embodiment of the present invention.

In Fig. 4, indicated at numerical reference 60, is
a data inversion-point-detect part for detecting inver-
sion points in the 2,400 bps receive (secondary) data,
and indicated at numerical reference 61 is a 1-second
timer for generating a control signal every second. In-
dicated at numerical reference 62 is a counter which
is reset by the control signal from the 1-second timer
61 and calculates the number of the conversion
points per second.

A data store RAM composed of a 16-word ring
buffer is indicated at numerical reference 63. The data
store RAM 63 stores for 16 seconds the per second
number of the inversion points which was found by
the counter 62, and in response to an output of the 1-
second timer 61, admits the data of the counter 62
thereinto. Indicated at numerical reference 64 is a 16-
word-data-adder circuit for adding 16-word datain the
data store RAM 63 and for outputting the number of
the inversion points per 16 seconds. Indicated at nu-
merical reference 65 is a decide circuit for comparing
an output of the adder circuit 64 with a threshold val-
ue, deciding whether line-trouble has occurred, and
for outputting a line-trouble detect signal.
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With reference to Fig. 5 and Fig. 6(A) - 6(B), the
two-wire full-duplex modem requires that the de-
scramble generator polynomials are different from
each other between the up channel and the down
channel to thereby eliminate correlation between the
channels.

Disconnection of the line accompanies an abrupt
change in the impedance on the line, and therefore,
an echo of the send side will be sent back to the re-
ceive side. However, the echo canceler of the receive
side is still not converged, and the waveform of the
echo as it is is processed as a receive waveform, al-
though the line is disconnected for a moment on the
receive side. The EYE pattern remains open, and
SQD which shows the condition of the quality of the
line stays ON (i.e., condition excellent).

For this reason, it is not possible to detect trouble
on the line from outside.

Incidentally, as described earlier, since the gen-
erator polynomials are different from each other be-
tween the send side and the receiver side, the echo
sent back to the receive side is reproduced as random
data.

The signal speed in the secondary channel is 75
bps. Hence, under a normal condition, the number of
the inversion points is 75 at most. However, under an
abnormal condition, since the echo component is ran-
dom, in conformity with the line speed (2,400 bps),
the number of the inversion points increases to a
maximum of 2,400.

Therefore, by detecting the number of the data in-
version points, trouble on the line can be sensed.

To realize this, as shown in Fig. 6(A) the 2,400
bps secondary data are supplied to the data inver-
sion-point-detect part 60 to compare the current data
with the data obtained at precedent sampling by us-
ing an exclusive OR gate circuit 82 and a 1-bit delay
circuit 81. If the values of bit and the subsequent bit
are different from each other, it is recognized that a
inversion point exists and the recognized inversion
point is supplied, as a clock pulse, to the counter 62
which is located at the downstream side.

The 1-second timer 61 provides the counter 62
with a reset pulse every second, whereby write timing
is supplied to the data store RAM 63.

The counter 62 counts up in accordance with the
clock pulse from the data inversion point-detect circuit
60 as shown in Fig. 6(B). The counter 62 resets its
count every time it receives a reset signal from the
timer 61, concurrently with which, results, which are
yielded in the counter 62, are serially and recursively
written in the data store RAM 63 in response to a write
timing signal as shown in Fig. 6(C).

Since the adder circuit 64 adds up all data which
are stored in the data store RAM 63, every time data
of the counter 62 are written in the data store RAM 63,
the adder circuit 64 adds up data for 16 seconds and
outputs the same.
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The output of the adder circuit 64 is output every
second, and therefore, reflects a per-second change
in the condition of the line as shown in Fig. 6(D). The
per-16-second count result outputted every second is
sent to the decision circuit 65 every second. In light
of a predetermined threshold value, the decision cir-
cuit 65 decides whether there is a trouble on the line.

Since data transmission at 75 bps is the maxi-
mum at the send side, the number of the data inver-
sion points is a maximum of 75 per second and a max-
imum of 1,200 per 16 seconds. However, if there is a
trouble on the line, the maximum number of data in-
version points is 2,400 per second, i.e., 38,400 per 16
seconds.

Hence, by using the figure 2,400 per second as
a threshold value TH, for example, trouble on the line
can be detected by using the subtracter 88 and com-
parator 89.

The reason why the sum of the data (namely, the
inversion points) per 16 seconds is used as the
threshold value is because the line could be some-
times disconnected for 1 to 10 seconds. To distinguish
such line disconnection, a per 16-second sum is
adopted as the threshold value.

(c) Explanation of Majority Circuit

Fig. 7 is a construction view showing the struc-
ture of the majority circuit according to the preferred
embodiment of the present invention. Fig. 8 is an ex-
planatory diagram for explaining majority decision op-
eration according to the preferred embodiment of the
present invention.

In Fig. 7(A), indicated at numerical reference 70
is a shift register for converting serial-secondary-data
at 2,400 bps into 3-bit parallel data. Indicated at nu-
merical reference 71 is a majority ROM in which, as
shown in Fig. 7(B), 3-bit majority output data are stor-
ed in correspondence to data received therein.

The majority-decision operation will be described
with reference to Fig. 8.

As far as the main channel is separated by TDM
function, the quality of communication of the second-
ary channel is simply the same as that of the main
channel, which in turn makes it impossible to perform
supervisory control by means of the secondary chan-
nel even if the line deteriorates.

On the other hand, the speed in the secondary
channel may be much slower than that of the main
channel, the quality in the secondary channel can be
improved by utilizing this.

In other words, in the main channel, the speed of
the secondary channel is 2,400 bps, equal to 32 times
75 bps, i.e., the slowest speed necessary for the sec-
ondary channel, by processing the receive data in the
majority circuit 7, the quality of communication on the
secondary channel is improved.

Describing with reference to Fig. 7(A) and 7(B),
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the receive data are supplied to the shift register 70
where they are converted into 3-bit parallel data. The
parallel data are given to the ROM 71 as address in-
formation. The ROM 71 yields outputs as those
shown Fig. 7(B) and outputs the majority result.

Hence, as shown in Fig. 8, even if the secondary
data (2,400 bps) become "101" or "010" due to dete-
rioration on the line to a certain extent, by performing
majority decision, "101" or"010" can be corrected into
"111" or "000," respectively. Thus, the quality of com-
munication of the secondary channel is improved,
and therefore, stable network supervisory control is
performed.

(d) Explanation of Other Embodiments

In addition to the preferred embodiment hereto-
fore described, the following modifications and other
embodiments can be made to the present invention.

(1) Although the foregoing has described the pre-

ferred embodiment in relation to 9,600 bps mo-

dems, the present invention can be applied to
modems of other speeds such as 12,000 bps.

(2) Although the foregoing has described the line-

disconnection-detect part 6 as a hardware unit,

the line-disconnection-detect part 6 may be real-
ized using a microprocessor or the like. That is,
the line-disconnection-detect part 6 may be one
of the functions which are performed by the su-

pervisory part 5.

(3) Although the foregoing has described the ma-

jority circuit 7 a hardware unit, the majority circuit

may be realized as one of the functions which are

performed by the supervisory part 5.

(4) Although the foregoing has described that the

majority circuit 7 stores 3-bit majorities, the ma-

jority circuit 7 may store 4-bit majorities instead.

While the invention has been described in detail,
the foregoing description is in all aspects illustrative
and not restrictive. It is understood that numerous
other modifications and variations can be devised
without departing from the scope of the invention.

As described above, the present invention has
the following effects.

(1) Since it possible to detect trouble on the line

by means of the secondary channel and the qual-

ity of communication on the secondary channel
is improved, backup control or the like can be per-
formed even if the line deteriorates.

(2) Performed by calculation of the number of the

inversion points and by a majority decision oper-

ation, backup control or the like is easy and inex-
pensive.

Claims

1. A two-wire full-duplex modem in which data
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which are time-divided into a main channel and a
secondary channel are descrambled, modulated,
and thereafter sent by a 2W-4W conversion cir-
cuit (14) to the two-wire line, following which an
estimated echo component which is calculated
from the descrambled data is subtracted from a
signal from the 2W-4W conversion circuit (14)
and the signal from the 2W-4W conversion circuit
(14) is demodulated, descrambled and separated
into main data and secondary data, the two-wire
full-duplex modem having a generator polynomial
for the scrambling and a generator polynomial for
the descrambling which are different from each
other, the two-wire full-duplex modem being
characterized by comprising:

a line-trouble-detect part (6) for sampling
data on the secondary channel by multipoint
sampling to obtain the secondary data and de-
tecting the number of inversion points in the de-
scrambled-secondary-channel data per unit time
period,and which outputs a line-trouble signal
which indicates that there is a trouble on the line
if the number of detected inversion points are
more than a predetermined number.

A two-wire full-duplex modem as set forth in
claim 1, wherein said line side of the 2W-4W con-
version circuit (14) is switched to a backup line in
accordance with the line-trouble signal which is
output by said line-trouble detect part (6).

A two-wire full-duplex modem according to claim
1 or claim 2, wherein said line-trouble-detect part
(6) includes a data-inversion-point-detect part
(60) for detecting inversion points in the second-
ary data; a timer (61) for generating a control sig-
nal at regular intervals; a counter (62) for count-
ing the number of the data inversion points until
being reset by the control signal from the timer
(61); a count-data-store part (63) for storing a
predetermined number of count values of the
counter (62) just before being reset serially and
recursively; an adding part (64) for adding up all
count values stored in the count-data-store part
(63); and a decision part (65) for comparing an
output of the adding part (64) with a threshold
value, deciding whether line-trouble has occur-
red, and outputting a line-trouble-detect signal.

A two-wire full-duplex modem as set forth in
claim 3, wherein said count-data-store part (63)
is a data-store-memory that is composed of a
predetermined number of ring buffers.

A two-wire full-duplex modem according to claim
3 orclaim4, wherein said adding part (64) outputs
the sum of said count values at regular intervals
from the timer (61), and said decision part (65)
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10.

14

decides whether there is trouble on a line at said
regular intervals.

A two-wire full-duplex modem in which data
which are time-divided into a main channel and a
secondary channel are scrambled, modulated,
and thereafter sent by a 2W-4W conversion cir-
cuit (14) to the two-wire line, following which an
estimated echo component which is calculated
from the scramble data is subtracted from a sig-
nal from the 2W-4W conversion circuit (14) and
the signal from the 2W-4W conversion circuit (14)
is demodulated, descrambled and separated into
main data and secondary data, the two-wire full-
duplex modem having a generator polynomial for
the scrambling and a generator polynomial for
the descrambling which are different from each
other, the two-wire full-duplex modem being
characterized by comprising:

a majority circuit (7) for outputting a major-
ity signal between the predetermined number of
bits of said descrambled secondary channel
data.

A two-wire full-duplex modem according to any of
claims 1 to 5, including a majority circuit (7) for
outputting a majority signal between the prede-
termined number of bits of said descrambled sec-
ondary channel data.

A two-wire full-duplex modem as set forth in
claim 6 or 7, wherein said majority circuit (7) in-
cludes a serial to parallel conversion part (70) for
converting the predetermined number of serial
bits to the same number of parallel bits; and a ma-
jority decision part (71) for deciding output data
by the majority of input bit values.

A two-wire full-duplex modem as set forth in
claim 8, wherein said serial to parallel conversion
part (70) consists of a shift register.

A two-wire full-duplex modem as set forth in
claim 8, wherein said majority decision part (71)
consists of a majority ROM or a majority decoder
circuit.
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Fig. 2 (A)
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Fig, 6 (D)
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Fig, 7 (A)

70 T
¢ 4
RECD%%,E . - RECEIVE DATA
(2400bps) SHIFT
REG MAJO:ITY
RO
(S/P)
RECEIVE
TIMNG "1 -
Fig, 7 (B)
INPUT DATA|OUTPUT DATA
00 0 000
0 01 000
010 000
01 1 111
100 000
1 0 1 111
110 111
1 11 11

16



_ 1INS3Y  ALN™OrvIN

000

ttl

010 101

EP 0 584 918 A1

| | [ Sheom

_ sdqg/
AHVANOI3S

g bid

17



D)

EPO FORM 1503 03.82 (P04CO1)

EP 0 584 918 A1

European Patent
Office

EUROPEAN SEARCH REPORT Application Number

EP 93 30 5411

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant p g to claim APPLICATION (Int.CL5)
A EP-A-0 454 036 (ALCATEL) HO4L1/22
* abstract * HO4L5/14
* column 4, line 19 - line 35 * HO04L25/38
A FR-A-2 650 141 (T.R.T.) 1
* abstract *
A EP-A-0 014 505 (T.R.T) 1
* abstract; figures 1-4 *
A US-A-4 241 311 (MASSEY) 6-10
* abstract; figures 1-3 *
TECHNICAL FIELDS
SEARCHED  (Int.CLS)
HO4L
HO4M
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
THE HAGUE 1 December 1993 Scriven, P
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A : technological background
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

18




	bibliography
	description
	claims
	drawings
	search report

